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SEMICONDUCTOR PROCESS FOR DISPOSABLE SIDEWALL 
SPACERS AND STRUCTURE 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is related to copending U.S. Application Serial No. 
,0/339,062, entided -Method of Making A Semicondnctot Device Ustng A 
Pellicie That is Transparent At Short Waveiengths" filed on Jannary 9, 2003 
and assigned to the assignee herein; and 

Copending U.S. Application Serial No. 10/631,283, entitled 
•■Semicondnctot Device And Method For Elimination Of Resist Linewid.h 
Slimming By Flourination". 

Fj~M nf the. Invention 

This invention reiates to semicondnetors, and more particnlar.y to 
transistors that use sidewall spacers. 

Related Art 



20 



In conventional CMOS semiconductor processing, transistors known as 
Hghtlv doped drain (LDD) transistors have been utilized for many years. LDD 
transistors fnnction to enhance the control of electrical conduction of the 
ttans.stor by using source and drain regions removed from a gate channel 
25 region. These LDDs or "extensions to the source and drain regrons" are 

substantially aiigned to the transistor's gate edge. These extensions are dtffused 
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regions like the source and drain regions, bnt are implemented with a lower 
energy and with a lower implant dose so that the extensions do not extend rnto 
the substrate as much as the source and drain. Conventiona. processing to form 
LDD transistors includes implanting the extensions followed by a spacer 
formation. The source and drain are then implanted into the substrate and 
a„„ea.ed. Thus the extension implants are exposed to the same temperature 
cycling reqmred for the spacer deposition and the source and drain anneahug. 

In contrast, LDD transistors may also be formed by using deposable 
sidewall spacers. An advantage of the use of disposable sidewall spacers ts the 
avoidance of the thermal processes required to form the spacer, and acttvate Ore 
source/drain implants. As a result, a very abrupt junction interface between the 
channe, and sonrce/drain may be created. A well-defined junction interface 
minimizes resistance of the transistor. 

A disadvantage with known processes used to remove sidewall spacers ts 
the fact that a portion of the sidewall spacer is often left and modifies the 
transistor's electrical characteristics. The portion of me sidewall spacer that ts 
typicahy left adjacent a gate electrode is commonly referred to as a "strrnger . 
If the etch process is performed long enough to assure that all of the sidewall 
spacer is removed, the additional etching typically also negative.y modtfies 
, other layers of the transistor, such as insulating layers, or even the source/dram 
region itself. The ratio of the remova. rate of the sidewall spacer as compared 
t0 the removal rate of other layers is a critical figure of merit and represents the 
selectivity of an etchant. Various etchan.s have been proposed in addttron to 
various sidewall spacer materials, in order to improve the selectivity. For 
5 example, nitrides are often used as a sidewall spacer material. However, 
various known nitride etchants are not very selective and will commonly etch 
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comply through the insulating layers before all of the sidewall spaeer ean be 
removed. To avoid significantly modifying the insulating layers, srdewall 
stringers must be left, thereby undesirably modifying the e.ectrieal parameters 
of the transistors. In addition to high selectivity, another important 
characteristic in the etching of sidewall spacers is that .he etching should be 
tsotropic (i.e. the etchant rate is essentially the same in all directions). An 
isotropic etchant allows more rapid removal of the spacers that typically have a 
high aspect ratio, and thus are not easily removed with an anisotrop.c etch. 

One can improve the selectivity by changing the sidewa.l spacer matenal 
to silicon germanium as taught in U.S. Patent 6,121,093 by Cheng et al. entrUed 
.•Method of Making Asymmetrical Transistor Structures". Cheng et al. teach a 
wet erch chemistry for selectively removing silicon germanium. A wet etch 
chemistry, although isotropic, does no. easily permit a single wafer process 
because modifications .o .he e.chant .o refresh .he chemistry are .yp.cally 
needed after each or several wafers are processed. Addi.tona.ly, liquid etchants 
present an envtronmental issue and must be safely stored and disposed of, 
thereby resulting in significant manufacturing costs. 
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Ttrief Descr ip'."" "f 'be Drawings 

The present invention is illustrated by way of example and no. limited by 
figures, in which like references indicate similar elements, 



the accompanying 
and in which: 

FIG. 1 illustrates in cross-sectional form a conventional transistor 
25 sidewall spacer structure; 
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FIG 2 illustrates in cross-sectional form the conventional transistor 
s.dewall spacer stmcture of FIG. 1 after removal of sidewall spacers; 

FIG 3 illustrates in cross-sectional form a transistor structure wrth 
disposable sidewa.1 spacers in accordance with the present inventton; 
, FIGs 4 and 5 illustrate in cross-sectional form processing of the 

tran sistor structure of FIG. 3 after removal of disposable sidewall spacers; an 

FIG. 6 illustrates in cross-seetional form a completed trans.stor structure 
in accordance with the present invention. 

Skilled artisans appreciate that Cements in the figures arc tl.us.ra.ed for 
10 simplicity and clarity and have no. necessarily been drawn to scale. For 
sample, the dimensions of some of the elements in the figures may e 
exaggerated relative to other elements to help improve me understand of the 
embodiments of the present invention. 
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r„,„nM nescr-p""" of >he Drawings 



Illnstrated in FIG. 1 is a conventional lightly doped drain (LDD) 
tra nsistor 10. Within a substrate 12 are a source diffusion 14 and a dram 
diffusion 16. Overlying the substrate is a thin gate oxide 18 and overly.ng the 
20 thin gate oxide 18 is a gate electrode 20. An insulating layer 22 ,s formed 
overlying the remaining exposed portion of substrate 12 and over.ymg the 
sourc e diffusion 14 and the drain diffusion 16. Formed adjacent the gate 
electrode 20 and in contact with the insulating layer 22 is a sidewall spacer 24. 
The sidewal, spacer 24 is used for alignment in the placement of the source 
25 d«us.on ,4 Jdthedraindiffusion 1, Sidewal, spacer 24 therefore functus 
as a standoff from the transistor channel region underlying the gate electrode 
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20 If Che source diffusion 14 and drain diffusion 16 were in—e.y adjacent 
the edge of the gate eleetrode 20, the depth of the diffusions would aUow 
Les red ntigration of electrons stgniftcantly be,ow the bottonr surface of he 
l e iectrod 20 and .hereby unintentional* modify the electrica! parameters 
5 I transits. Therefore dratn and source shaHower extensions from dram 

extensions, the sidewall spacer 24 must be removed. 

mustrated in FIG. 2 is a convention. LDD transistor structure after 
rcm ova, of a disposable s.dewall spacer. Trustor 10 has sidewa.1 spacer 24 
10 loved.butthere.saresidna.spacerBO. AddifionaUy, insulatmg layer 26 on 
Li of the gate electrode 20 has been significantly etched and ,n an u .even 
m anner. Further, in S u.afing .ayer 28 on the right of the gate electrode 20 
etched and is very non-planar. As a resuh, any structure formed over lytng 
insulating layer 26 and insulating layer 28 may possibly make contact al. the 
15 : through the insulating layers 26 and 28. Additionally, should source » d 
dr a „ ex.ens.ons be formed within the transistor 10, the presence of re tdna 
spac er 30 will block the extension from drain diffusion 16 from extendmg al. 
the way to the vertical edge of insulating layer 28. 

mustrated in FIG. 3 is a cross-section of a transistor 32 in accordance 
20 w Uhoneformofmepresen.invention. A substra, e 34 has an isolation regmn 

frrun other devices formed within 
48 that surrounds and isolates transistor 32 from other aevi 

1 : 34. The .so.atron regton 48 surrounds — 32 and —efiom 

a cross-sectional view has a left component and a right component. Transistor 

32 has a gate insulator 36 that is typically a thin oxide iaye, A control 

25 e rrode or gate 38 overties the gate insulator 36. Accent me vertrca, 

"gate 38 and overling the substrate 34 and extending to .he i— reg.on 
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48 is an insulating layer 40. A sidewall spacer 42 is formed adjaeent the gate 
38 and in direct contact with insulating layer 40. Within the substrate 34 ts 
formed a source diffusion 44 and a drain diffusion 46 which are a.igned to an 
outer edge of sidewall spacer 42. Up to mis point in the discussion, the 
5 structure of transistor 32 is conventional for a disposable spacer process. In one 
form sidewall spacer 42 is composed of silicon germanium. Other forms of 
sidewall spacer 42 may also use polysil.con rather than silicon germantum. 
Also, although less beneficial, a silicon nitride sidewa.1 spacer may also be used 
herein It is desired that sidewall spacer 42 be removed to facilitate me 
,0 subsequent formation of extensions of source diffusion 44 and drain diffuston 
46 toward the channel region underlying gate 38. We have discovered a 
m ethod of removing sidewall spacer 42 using a gaseous fluorine environment 
that is very selective and isotropic. In other words, sidewall spacer 42 ,s 
removed without also etching other exposed surfaces such as gate 38 or 
U insulating layers 36 and 40 in a negative manner. Transistor 32 is exposed to a 
F2 secular fluorine) or an F (atomic fluorine) ambient. Molecu!ar fluonne 
is commercially available in a range of concentrations suitable for this 
application. One way to generate the atomic fluorine gas is to use a 
downstream etch. A convenient way to generate atomic fluorine gas ts to 
20 dissociate a fluorine-containing gas like NF 3 (nitrogen trifluor.de), F 2 

(nrolecuiar fluorine) or XeF 2 (xenon difluoride) in a discharge plasma and carry 
the atomic fluorine to an adjoining chamber with the wafer using an tnert gas 
such as N 2 (nitrogen), He (heUum) or Ar (argon). The adjoining chamber ts 
downstream from the chamber used to dissociate the fluorine-containmg gas. 
25 Therefore, in FIG. 3, transistor 32 is exposed to atomic fluorine rather than 
nrolecuiar or ion.c fluorine. Atomic fluorine reacts preferentiafly with silicon 



-6- 



SC12856TP 



germanium while it does no. react with the silicon dioxide insulating layers 
achreving selec.ivtty from anywhere in a range of substantially 50 to 1 up to 
over 1 000 to 1 depending upon pressure and temperature conditions as well as 
the compositions of the sidewal. spacer and the insulating layer. The atomrc 
5 fluorine gas has a same probability that it will move in any direction as 

iUustrated in FIG. 3. Therefore, the etch process is occurring at a same etch rate 
in all drrections. This property is responsible for the isotropic etching and th.s 
is a very important feature in the complete and selective removal of stdewall 
spacer 42. 

, o Illustrated in FIG. 4 is a cross-section of transistor 32 after removal of 

stdewall spacer 42 by using atomic fluorine to react with the silicon gem— 
sidewall spacer 42. An additional benefit is achieved as a result of the removal 
of stdewall spacer 42. In particular, the isolation region 48 now contours 
fluorine A common material used to implement isolation region 48 is an oxtde 
, 5 layer, such as TEOS oxide or plasma oxide. The atomic fluorine reacts wtth the 
oxide to form a fluorine-doped oxide that results in reducing the dielecmc 
constant A reduced dielectric constant results in improved insulating 
characteristics thereby improving .he insulation between transistors wtthrn 
substrate 34. As a result, the width of the isolation region may be reduced and 
20 the packing density of the integrated circuit is improved. In other words, less 
distance between electrically isolated devices is required. 

IUustrated in FIG. 5 is a cross-section of transistor 32 after dram and 
source extensions have been created with lighdy doped diffusions 52 and 54. 
The tightly doped diffusions 52 and 54 are typically formed by an implant. 
25 After activation by a thermal anneal, the source diffusion 44 and lighdy doped 
diffusion 52 is a continuous region. Similarly, after activation by a thermal 
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anneal, the drain diffusion 46 and lightly doped diffusion 54 is a continuous 
region Further, since the sidewall spacer 42 has been completely removed with 
selectivity, the insulating layers 36 and 40 in FIG. 5 are not degraded from the 
size and shape in which they were originally formed. 
5 Illustrated in FIG. 6 is a cross-section of a completed form of transistor 

32 Electrical contact to source diffusion 44, drain diffusion 46 and gate 38 are 
formed respectively by conductive vias 58, 60 and 62 formed through an 
insulator 64 that is, in one form, conformally deposited over transistor 32 and 
respectively connecting to a silicide layer 57, a silicide layer 59 and a silicide 
10 layer 61. For subsequent operation, the conductive via 58 is connected to a 
positive supply voltage V DD , the conductive via 60 is connected to a bias 
voltage, V B1AS , and the conductive via 62 is connected to a ground reference 
voltage terminal. 

By now it should be appreciated that there has been provided a process 
15 for removing transistor sidewall spacers that has a high degree of selectivity and 
a semiconductor having improved transistor isolation regions containing 
fluorine to increase the dielectric constant and insulating properties. The 
improved insulation characteristics are achieved with a same step used to 
effectively completely remove disposable sidewall spacers. By effectively 
20 removing disposable sidewall spacers without leaving any residual sidewall 

material, an abrupt or well-defined gate channel region and source/drain regions 
are provided. Additionally, no etch damage to the gate oxide 56 occurs unlike 
less selective conventional sidewall removal processes. Further, the isolation 
regions containing fluorine minimize the size of integrated circuits by using 
25 isolation regions of smaller width. 
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In one form there has been disclosed a method of forming a 
semiconductor structure in which a substrate is provided and a control electrode 
is formed overlying the substrate. The control electrode includes a sidewall. 
An insulating layer is formed that is adjacent to the control electrode and 
5 overlying the substrate. A sidewall spacer is formed around the sidewall of the 
control electrode and in contact with the insulating layer. A current electrode 
diffusion region is formed in the substrate substantially aligned to said sidewall 
spacer. The semiconductor structure is exposed to a gaseous fluorine ambient 
to substantially remove said sidewall spacer. An extension region to said 
10 current electrode diffusion region is formed in the substrate, the extension 
region being substantially aligned to the control electrode. In one form the 
insulating layer is an oxide layer. In one form the sidewall spacer is one of 
silicon, silicon germanium, or germanium. In one form the gaseous fluorine 
ambient is molecular fluorine and in another form the gaseous fluorine ambient 
1 5 is atomic fluorine. In one form the atomic fluorine is generated from a plasma. 
In one form the plasma is nitrogen trifluoride, xenon difluoride or molecular 
fluorine. In another form the semiconductor structure is exposed to the gaseous 
fluorine ambient to substantially remove said sidewall spacer without 
substantially modifying said insulating layer. In another form the sidewall 
20 spacer is etched with the gaseous fluorine ambient selective to the insulating 
layer. In another form the sidewall spacer is etched with the gaseous fluorine 
ambient selective to said insulating layer by a factor of at least fifty to one. In 
another form the semiconductor structure is surrounded with a dielectric 
isolation region. In another form the semiconductor structure is exposed to the 
25 gaseous fluorine ambient to substantially remove the sidewall spacer and to 
introduce fluorine into the dielectric isolation region. In another form the 
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dielectric isolation region is exposed to a gas to improve the insulating 
characteristics of said dielectric isolation region. In yet another form there has 
been taught a method of forming a semiconductor structure by providing a 
substrate and forming a control electrode overlying the substrate. The control 
5 electrode includes a sidewall. An insulating layer is formed adjacent to the 
control electrode and overlying said substrate. A sidewall spacer is formed 
around the sidewall of the control electrode and in contact with the insulating 
layer. A current electrode diffusion region is formed in the substrate 
substantially aligned to said sidewall spacer. The semiconductor structure is 
10 laterally isolated with a dielectric region. The semiconductor structure is 
exposed to a gaseous fluorine ambient to substantially remove the sidewall 
spacer and to add fluorine to the dielectric region. An extension region to said 
current electrode diffusion region is formed in the substrate. The extension 
region is substantially aligned to the control electrode. In another form the 
1 5 isolating region is an oxide layer. In another form the gaseous fluorine ambient 
is molecular fluorine. In another form the gaseous fluorine ambient is atomic 
fluorine. In another form the atomic fluorine is generated from plasma. In 
another form the plasma is at least one of nitrogen trifluoride, xenon difluoride 
or molecular fluorine. In another form the isolating region is an oxide layer. In 
20 yet another form a method of forming a semiconductor structure includes 
providing at least two semiconductor structures. The at least two 
semiconductor structures are laterally isolated with a dielectric region. The at 
least two semiconductor structures including said dielectric region are exposed 
to a gaseous fluorine ambient. A first semiconductor structure and a second 
25 semiconductor structure of the at least two semiconductor structures are 

laterally adjacent. In another form a semiconductor structure has a substrate 
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having an overlying dielectric layer. A control electrode overlies the snbstrate, 
and Ore control electrode includes a sidewall. An insulating layer is adjacent to 
.he sidewaU of the control electrode and a, .east a portion of the substrate. A 
sidewall spacer is adjacent to the insulating layer which is adjacent to the 
5 sidewall of the control electrode and the substrate. A current electrode 

dtffusion region portion is substantially aligned to the control electrode. An 
isolating region surrounds the semiconductor structure, said isolating regton 
being a dielectric that contains fluorine. There has also been disclosed a 
structure having at leas, a first and a second semiconductor structure which are 
,0 laterally adjacent. A dielectric region laterally isolates the firs, semiconductor 
structure from the second semiconductor sbucture. The dielectric regton 
contains fluorine. At leas, .he firs, semiconducor structure further includes a 
control elecrode overlying said substrate, .he con«rol electrode includmg a 
sidewall. An insulating layer is adjacent ,0 the sidewall of the control electrode 
IS and at least a portion of the substrate. A sidewall spacer is adjacent to tire 
insulating layer wh.ch is adjacent to the control electrode and the insulating 
,ayer which is adjacent to .he substrate. A current electrode diffusion regton .n 
said substrate is substantially aligned to the sidewall spacer. 

In the foregoing specification, the invention has been described wtth 
20 reference to specific embodiments. However, one of ordinary skill in the art 
appreciates that various modifications and changes can be made wtthout 
departing from the scope of the present invention as set forth in .he claims 
below For example, various materials may be used for the substrate and 
insulating layers. Additionally, it should be understood that for some 
25 semiconductor devices there is no need .0 use a dielecric layer between the 
substrate and the gate electrode. Various dopan. concentrations, temperature 
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and pressure ranges may be used depending upon the particular process tha, the 
removable sidewall spacer steps described herein are used. 

Accordingly, the specification and figures are to be regarded ,n an 
fflustrative rather than a restrictive sense, and all such modifications are 
5 intended to be included within the scope of the present invention. Benefits, 
Cher advantages, and solutions to problems have been described above wtth 
regard to specific embodiments. However, the benefits, advantages, soluttons 
to problems, and any element(s) that may cause any benefit, advantage, or 
solution to occur or become more pronounced are not to be construed as a 
0 critical, required, or essential feature or element of any or all the claims. As 
used herein, the terms "comprises," "comprising," or any other variatron 
thereof, are intended to cover a non-exclusive inclusion, such that a process, 
method, article, or apparatus that comprises a list of elements does no. include 
only those elements but may include other elements not expressly hsted or 
15 inherent to such process, method, article, or apparatus. 
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